Heavy metals pollution is a worldwide problem that has grown during the past few decades because of their toxicity, extensive sources, non-biodegradable characteristics, and accumulative behaviors in aquatic environments [1] [2] [3] . These metals are identified as a significant indicator for degradation of aquatic environments. Enormous quantities of metals are being released into the environment both from anthropogenicrelated processes and natural sources through direct discharge into water or indirectly through stormwater runoff, domestic effluents, fossil fuel combustion, and atmospheric depositions [4] . Heavy metals ultimately Pol. J. Environ. Stud. Vol. 27, No. 2 (2018), 675-688 Original Research 
accumulate on the sediment directly during adsorption and sedimentation processes by suspended matters [5] [6] .
Sediment is habitat for many aquatic organisms and a major reservoir for many of the toxic elements that can migrate back into the water under favorable environmental circumstances. The mobility of metals between the aqueous, particulate, and sediment phases are mainly controlled by pH, redox potential, cation exchange capacity, texture, carbonate, and organic carbon contents [7] [8] [9] [10] . Excessive amounts of toxic metals can create severe pollution problems for people and aquatic environments [11] . Therefore, sediments have been extensively used to ascertain sources of contamination and to assess the quality of aquatic environments. It is therefore very important to recognize the distribution of heavy metals in sediments in order to develop plans and approaches for pollution control.
Numerous researchers have previously reported on the distribution of heavy metals, assessment of sediment quality, and computation of pollution load on sediments such as Mighan Lake, USA [12] ; Nansihu Lake, China [13] ; Dojran Lake, Macedonia [14] ; Qaroun Lake, Egypt [15] ; Mwanza Lake Victoria [16] ; and Dalinouer Lake, China [17] . Determining heavy metal contents and their contamination in sediments leads to enhance the understanding of their behavior in the aquatic environment and is extremely significant for assessing pollution sources [18] .
Up-to-date, there is no data available related to heavy metals in surface sediment of Namal Lake. Hence, the present investigation has commenced with the following goals: 1) Determine heavy metals content in surface sediment.
2) Gauge heavy metals contamination using pollution indices. 3) Determine ecological risk using sediment quality guidelines (SQGs). 4) Ascertain the major sources of heavy metals with the help of multivariate statistical methods.
Material and Methods

Study Area
Geographically, Namal Lake is situated in Rikhi, a corner of Namal Valley of Mianwali and about 214 km from Islamabad, Pakistan. The study area is located at 71º48`01.37``E and 32º40`54.07``N, which spreads over an area of 5.5 km 2 . It is an artificial shallow freshwater lake in the western salt range, and was created during construction of Namal Dam in 1913. Most parts of the lake are less than two meters deep. Average rainfall is about 70-80 mm for the salt range, with the highest in July and August. Moreover, the lake is fed by various streams that drain from the nearby mountain and it also receives surface runoff from the widespread region of the catchment area. Hill torrents and rain fill Namal Lake throughout the year. The lake is famous for attracting thousands of migratory birds. The untreated domestic agricultural runoffs and contaminants released during recreational events are the main possible causes of pollution in the lake. There are no major industries in the vicinity of the lake except for certain mines. The catchment areas contain plenty of various types of vegetation, which includes subtropical forest and shrubs [19] . Fig. 1 shows the location of Namal Lake and sampling sites.
Sample Collection and Preservation
Surface sediments were collected from 26 various locations of Namal Lake using a grab sampler in 2012. The sampling locations were selected with the help of a GARMIN III global positioning system (GPS) device as presented in Fig. 1 . After sample collection, sediments were immediately transferred into labeled Ziploc polythene plastic bags. The collected sediments were air dried, pulverized to fine powder with the help of a mortar and pestle, and homogenized in a laboratory. The sediment samples were stored in labeled plastic bottles until chemical analyses were carried out. During the processing of sediment samples, special precautions were adopted to avoid cross contamination during sediment samples processing, drying, grinding, sieving, and storage [20] .
Sample Preparation and Analysis
For determining metal concentrations, an accurate weight of 1.00 gram of sediment samples were digested Fig. 1 . Location of Namal Lake and sampling sites. using a thermostatically controlled Block Digester (Temak-Digestor Model DK 20) with (1:1) HNO 3 , H 2 O 2 (30%), and HCl [21] . The heated samples were then allowed to cool and were filtered using 0.45 µm filter paper and finally diluted to 100 ml in a volumetric flask. These samples were transferred to high-quality polyethylene bottles and stored at 4ºC. Metals such as Al, As, Cd, Co, Cr, Cu, Fe, Mn, Ni, Pb, V, and Zn were analyzed using an inductively coupled plasma-optical emission spectrometer (Model iCAP6500, Thermo Fisher, UK) equipped with iTEVA analyst software at the Central Analytical Facility Division (CAFD) for simultaneous measurements of all elements of interest. The accuracy and analytical precision of the method was assessed by comparing the metal contents in certified reference material . The total organic carbon and calcium carbonate contents in sediments were analyzed using the procedure as mentioned [22] [23] . The pH of sediments was measured in sediment to deionized water by the ratio 1:5.0 (sediment:water) [24] with a pH meter (Model Crison, France). Before measurement, the pH meter was calibrated with standard pH buffers of 7.00, 4.00, and 9.2.
Statistical Analyses
Statistical analysis was performed on geochemical data using IBM SPSS-20 for Windows (IBM Corporation, Armonk, USA). Pearson's correlation coefficient analysis in a two-tailed test (0.01 and 0.05), and cluster analysis (CA) and principal component analysis (PCA) were used to determine correlations among the metals. In the present study, Kaiser Meyr Olkin (KMO) and Bartlett's test were applied to evaluate the validity of principal component analysis (PCA).
Results and Discussion
Heavy Metal Concentrations in Surface Sediments
The ranges and the mean concentrations of heavy metals (HMs), pH, total organic carbon, and calcium carbonate in surface sediments (n = 26) of Namal Lake are summarized in Table 1 . The average concentrations of metals in the upper continental crust (UCC) for surface sediment are also mentioned for comparison [25] . It is reported that the organic matter (OM) in an aquatic environment has been found to be a key role in controlling physico-chemical behaviors of metals between interfaces of sediments-water, and can considerably influence the bio-availability and mobility of metals in sediments [26] . In the present investigation, total organic carbon (TOC) in sediment fluctuated in the range 0.35-1.91%, with average value of 0.91%. The highest TOC content is recorded at the sampling locations (NL-3). In general, the minor enrichment of organic carbon in the surface layer of sediment suggests the incorporation of organic matter transported from the surrounding area to a lake during the rainy season [27] [28] . The TOC content in surface sediment is basically a prime source of food for benthic organisms and is therefore an important structuring factor for the composition of benthic organisms [29] . Comparable values of TOC were found in surface sediments [30] . However, calcium carbonate in sediment ranged 33.49-50.0 %, with average value of 41.98%. The exposed salt rocks in surrounding hilly areas dissolve in the water on rainy occasions and form precipitates/ deposits on sediment surface [31] . The pH values of surface sediment ranged 7.45-8.10 with average value of 7.74, and are neutral to slightly basic in nature.
In addition, the heavy metal concentrations are also compared with reference values of upper continental crust (UCC). Among the 12 metals studied, average concentrations (mg kg , respectively ( Table 1 ). The elevated contents of iron in sediment are due to the transport of iron minerals, which are produced during weathering of soil/rocks and ultimately settle down in Namal Lake in the form of insoluble oxides [32] . Thus the concentration of iron and aluminum in surface sediment of a lake can play an important role in the adsorption/scavenging of heavy metals on the surface of oxides and hydroxides of iron and aluminum, and may regenerate into a water column during environmental changes. Aluminum is the main component of silicate minerals and might originate from the weathering of parent rock bedrock [33] [34] [35] . The abundance of average concentrations of these metals are in order Al>Fe>Mn>V>Zn>Cr>Ni>Cu>As>Co> Pb>Cd.
The magnitude of heavy metals such as As (4.2-15.5), Cd (15.5-27.2), Co (1.1-1.7), Cr (0.5-3.3), Cu (1.3-3.3), Fe (0.8-1.4), Mn (0.8-1.3), Ni (0.9-6.2), Pb (0.5-1.0), V (0.9-3.3), and Zn (1.2-2.6) fold higher than UCC [36] . The elevated concentrations of arsenic at location NL-4 and nickel (NL-22) revealed the inputs of fertilizers, agricultural runoff, and natural sources of pollution from the surrounding area. The concentrations of cobalt are slightly higher than the background level. The significant higher concentration of As, Cd, Ni, Cr, and Cu might be due to anthropogenic activities such as agricultural runoff and domestic waste. However, the concentrations of Zn, Pb, Co, Fe, and Co in sediment are comparable to UCC levels. Although nickel is an essential trace metal, it can be toxic to aquatic life at elevated concentrations [37] .
Pearson's Correlation Coefficient Analysis
Correlation analysis provides an effective way to find relationships among various variables to know the factors and sources of chemical constituents in environmental pollution studies. Heavy metals in sediments are controlled by innumerable factors that include the concentration of metals in rocks at the time of formation of sediments and anthropogenic sources of pollution [38] [39] [40] [41] [42] . The results of Pearson's correlation coefficients and their significance levels (P<0.01 and P<0.05) are shown in Table 2 .01) in Namal Lake sediments indicates that these metals originated from the same sources or were distributed in the surface by the same physico-chemical processes [43] [44] . The higher correlation between Al and Cu is probably due to having the same source along with their chemical affinity. Natural sources of Cu in the environment are weathering processes, plant decay, and domestic waste [45] .
The correlations of Fe and Mn with heavy metals, which includes Co/Fe (r = 0.735, p<0.01), Cr/Fe (r = 0.597, p<0.01) Co/Mn (r = 0.873, p<0.01), Zn/Mn (r = 0.798, p<0.01), Fe/Mn (r = 0.616, p<0.01) can be interpreted as mainly due to the association of heavy metals on oxides and hydroxides of Mn and Fe [33] . Low positive (Table  2) correlations between metals also demonstrate that they are originating from multiple sources or have different chemical behavior in the lake bed [46] . The correlations are also computed between heavy metals and pH, TOC, and CaCO 3 content. Although the weak or lack of significant correlations between heavy metals and TOC shows that heavy metals are not controlled by organic carbon content [30] , there is significant strong negative correlation between TOC and CaCO 3 , indicating the dominance of calcium carbonate content in sediments. The significant negative correlation between pH and metals is also observed. The presence of correlations in the sediment may create high ecological risk to aquatic life.
Metal Pollution Indices
Pollution indices can be a helpful tool for assessing sediment contamination and have been extensively used by numerous researchers to gauge sediment pollution [37, [45] [46] . In the present study, upper continental crust [25] as a background was used to assess metals pollution in sediments.
Enrichment Factor (EF)
Enrichment factor (EF) differentiates the influence of anthropogenic contributions from natural factors on metal variations in the sediment [2] . In the present study, Al is the main component of clay mineral [45] and has been used to normalize geochemical data due to its conservative behavior [47] [48] . The following relationship is used to calculate the enrichment factor (EF) [14] : (1) …where Cn represents the concentration of "n" element, (Cn/Al) sample is the ratio of metal and Al content in the sample, and (Cn/Al) background is the ratio of metal and Al content in the upper continental crust (UCC). According to enrichment classification [49] , EF<1 indicates "no enrichment," EF<3 "minor enrichment," 3≤EF≤5 "moderate enrichment," 5≤EF≤10 "moderately severe enrichment," 10≤EF≤25 "severe enrichment," 25≤EF≤50 "very severe enrichment," and EF>50 "extremely severe enrichment". The enrichment factors of studied elements in surface sediments of Namal Lake are shown in Table  3 and Fig. 2 According to classification [49] , the interpretations for Cd, As, Ni, Cr, V, Cu, and Zn are described as anthropogenic and natural sources of contamination. However, Co, Fe, Mn, and Pb with minor enrichment are due to natural sources. The potential sources of these heavy metals in bottom sediment are the contribution of discharges from domestic wastes and agriculture runoff from catchment areas into the lake. Comparable values of EF for Ni and Cr have also been mentioned in [50] . Sewage waste, which contains various species of bacteria, can also support the partitioning of Cd metal between water and sediments [51] . The higher EF for arsenic in sediments is indicative of the use of pesticides in agricultural land and geogenic sources of contamination.
Geo-Accumulation Index (Igeo)
Geo-accumulation index (Igeo) is another tool for assessing the enrichment of metal contents in sediment above baseline concentrations [52] : (2) …where C n is metal concentration of n element in sediment sample and B n is the geochemical background values of metal (n). The constant 1.5 is the background matrix correction factor due to lithogenics. The classification of geo-accumulation index [53] indicates: class 0 (Igeo≤0) unpolluted, class 1 (0<Igeo<1) uncontaminated to moderately contaminated, class 2 (1<Igeo<2) moderately contaminated, class 3 (2<Igeo<3) moderately to strongly polluted, class 4 (3<Igeo<4) strongly polluted, class 5 (4<Igeo<5) strongly to extremely polluted, and class 6 (5>Igeo) extremely polluted. Very strong contamination Table 3 . Enrichment factor (EF), geo-accumulation Index (I geo ), contamination factor (Cf), and degree of contamination (Cd) of Namal Lake with respect to the Upper Continental Crust.
Fig. 2. Enrichment factor (EF) of heavy metals plotted in box and
whisker method (rectangle-enrichment of metals; central line of each plot-median) of the surface sediments of Namal Lake.
for class 6 indicates 100-fold enrichment for metals with respect to reference values [54] .
The geo-accumulation index for heavy metals is shown in Fig. 3 and Table 3 . Igeo values in the studied area range -2.50 to -1.15 for Al, 1.47 to 3.36 for As, 2.19 to 4.18 for Cd, -0.44 to 0.0.18 for Co, -1.63 to 1.12 for Cr, -0.21 to 1.12 for Cu, -0.90 to -0.11 for Fe, -0.93 to -0.26 for Mn, -0.71 to 2.06 for Ni, -0.1.5 to -0.56 for Pb, -0.76 to 1.13 for V, and -0.33 to 0.77 for Zn (Table 3 ). The average values of Igeo of Al (-1.53), Co (-0.14), Fe (-0.55), Mn (-0.58), and Pb (-1.05) in the present investigation are found in class 0 (Igeo≤0), indicating that they are unpolluted with respect to these elements in Namal Lake. However, the average values of Cr (0.47), Cu (0.39), Ni (0.92), and Zn (0.19) are within class 1 (0<Igeo<1), representing the uncontaminated to moderately contaminated and acting as a normalizer in lake sediment. The highest average geo-accumulation index values for As (2.13) and Cd (3.09) indicate anthropogenic impact on Namal Lake sediments [55] [56] . The accumulation of cadmium in the aquatic environment can be potentially harmful due to biological activities in sediment and health of aquatic environments [57] . Arsenic is another element that has significantly higher Igeo value due to anthropogenic and natural sources such as mining activities in surrounding areas, coal combustion, herbicides, and geogenics, and may pose a threat to aquatic environments. Unlike enrichment factors, the average values for Igeo are normally low and are found in the order: Cd Contamination Factor (Cf) and Degree (Cd)
Contamination factor is applied to evaluate sediment contamination by metal concentration [58] . It is a ratio of the metal concentration in sediment divided by the metal concentration in background value of upper continental crust (UCC): (3) …where Ci is the concentration metal in sediment (mg kg -1 ) and Cn is the concentration of metal in background soil (mg kg -1 ). The classifications of contamination factors are as follows: Cf<1 represents low contamination, 1<Cf<3 (moderate contamination), 3<Cf<6 (considerable contamination), and Cf>6 (very high contamination) [12] . The degree of contamination is estimated based on the summation of the average contamination factors and calculated by the following equation. (4) Cd is commonly used by numerous researchers as an indicator of contamination in sediments of aquatic environments [14, [59] [60] . The contamination degree is defined as: Cd<5, a low degree of contamination; 5<Cd<10, a moderate degree of contamination; 10<Cd<15, a considerable degree of contamination; and Cd>15, a high degree of contamination [12] . The contamination factor of heavy metals in lake sediments is shown in Fig. 4 and (1.75) . In accordance with the adopted various classes, the average values of contamination factor are in the order of Cd>As>Ni>V>Cr >Cu>Zn>Co>Fe>Mn>Pb>Al. Like enrichment factor and geo-accumulation index, the average contamination factor value for aluminum and lead represent low contamination (Cf<1); copper, chromium, and vanadium in moderate contamination; nickel in considerable contamination; and arsenic and cadmium in very high contamination in Namal Lake sediments. The calculated Cd lies in range of 19.3 to 67.3 with average value of 36.7, which indicate that certain sampling points in Namal sediments have a high degree of contamination.
Pollution Load Index
The pollution load index (PLI) is calculated as the nth root of n contamination factors (Cf) multiplied together by using the following equation: (5) …where Cf is the contamination factor. The index can be used for assessing the level of metal pollution. The PLI value of <1 indicates no pollution while PLI>1 is polluted [34, 61] . The variations in the intensity of pollution along the locations are determined with pollution load index. It is a quick tool for comparison of pollution status in various places. PLI in Namal sediments is shown in Fig. 5 . It lies in range of 1.25 to 2.30, with the highest value (2.30) at sampling sites (NL-8) indicating the most contaminated site in Namal (Fig. 5) . The sampling sites with PLI values greater than one are polluted sites and suggest input of an anthropogenic source of pollution due to increased human activities [62] . However, the lowest PLI value is observed at sampling site (1.25). It is also observed that in general a decreasing pollution load index trend across Namal represents the dilution and dispersion of metals, and fluctuated randomly after sampling site NL-17 from source areas [63] . The lake receives water along with a substantial amount of disintegrated soil as runoff water from catchment areas and settles at the beginning of the lake, indicating elevated levels of pollution load on Namal. The contaminants may significantly affect sediment health.
Potential Ecological Risk Index
To achieve further understanding of heavy metals contamination in sediments, the potential ecological risk index (PERI) was determined to assess the risk of heavy metals. The potential ecological risk index [58, 64] is calculated by using the following equations.
(6) (7) …where RI is the risk index and Ti is the toxic response factor, e.g. Cd (30), As (10), Cu (5), Pb (5), Cr ( 2), Zn (1), and As (10) [65] . C i is the concentration of metal in the sample and C n is a reference value of upper continental crust. The ecological risk index is reported [66] as; RI≤150, low potential ecological risk; 150<RI≤300, moderate ecological risk; 300<RI≤600, considerable potential ecological risk; and RI>600, high potential ecological risk. Fig. 6 shows the contributions of different heavy metals to total ecological risk in sampling sites of Namal Lake. The risk index of heavy metals is in the range Cd (205.9-817.6), Pb (2.6-5.1), Cu (6.5-16.3), Ni (4.6-31.2), Cr (1.0-6.5), As (41.6-154.5), and Zn (1.2-2.6). In the studied area, 3.8% of sampling sites (NL-21) was within the limit (150-300) of moderate ecological risk, 61.5% (16 locations) were within the limit (300-600) of considerable potential ecological risk, and 34.6% (RI>600) were within the limit of high ecological risk from heavy metals pollution. The computed average risk index (RI) of a single metal in the studied area were in the order of Cd (411.9)>As(69.0)>Ni(15.4)>Cu(10.0)>Cr(4.3)>Pb(3.66)> Zn(1.7).
We observed that cadmium, arsenic, and nickel with significantly higher RI levels may pose high ecological risk to Namal Lake [39, 67] . The higher levels of cadmium and arsenic in sediment might due to the excessive use of phosphate fertilizer in agricultural fields and geogenic sources [68] . The potential ecological risk assessment of heavy metal pollution revealed that the Namal has been facing very serious heavy metal pollution, specifically with cadmium, arsenic, and nickel metals, and may pose a very high risk to the ecosystem [1, 69] .
Sediment Quality Guidelines
Sediment quality guidelines (SQGs) provide tolerable concentrations of pollutants in sediments to protect living organisms present in sediment. The threshold effect levels (TELs) and probable effect levels (PELs) define three ranges for chemical concentrations, which are as follows: a) chemicals concentrations in sediments below TEL that are not related to adverse biological effects, b) concentrations between TEL-PEL that can occasionally be associated with adverse biological effects, and c) content of chemicals exceeding the PEL that are expected to be frequently related to adverse biological effects [70] [71] .
In this study, freshwater sediment quality guidelines (TEL and PEL) [70] and the average concentrations of heavy metal (As, Cd, Cr, Cu, Ni, Pb, and Zn) in UCC [25] are used to compare with heavy metals concentrations in surface sediments, and data is presented in Table 4 . The results indicate that there were 19.2% for As, 11.5% for Cr, and 88.5% for Ni sampling sites in Namal Lake exceeding PEL, which suggests that As, Cr, and Ni are associated with adverse biological effects on aquatic organisms and would occur frequently [39, [72] [73] . Conversely, 80.8% of As, 100% of Cd, 84.62% of Cr, 88.46 of Cu, and 7.7% of Ni of sampling sites are found between two guidelines (TEL-PEL) and can occasionally be associated with adverse biological effects in Namal Lake. Among all sampling sites, only 3.85% of Cr, 11.5% of Cu, 3.4% of Ni, 100% of Pb, and 100% of Zn samples in the studied area are below TEL and suggest that they would not be associated with adverse biological effects. From all heavy metals studied in this comparison, Ni contamination is highest and can frequently have adverse biological effects on benthic organisms. The higher value of Ni in sediments was also reported in sediments [42] . The heavy metals are also compared with average values of UCC. It is observed that all sampling sites 100% exceed these elements other than UCC values, except for Cr (96.2%), Pb (3.85 %), and Ni (92.3%). All these comparisons indicate that sediment can be occasionally responsible for adverse effects on organisms.
Cluster Analysis
Hierarchical cluster analysis (HCA) was performed on normalized data by using average linkage and ).
squared Euclidean distance, which provides the extent of association of metals on their similarity between chemical properties [74] [75] . Fig. 7 shows HCA (between groups) of metals within Namal surface sediment. In the present investigation, two clusters were identified from a dendrogram of geochemical data of Namal surface sediments with significant linkage distance [76] . Heavy metals within the same group may exhibit common anthropogenic or natural sources. Group 1 includes Al and Fe with good similarity, which are basically natural geochemical elements associated with parent rock materials. Group II is constituted of Cd, TOC, pH, Co, Pb, As, Cu, CaCO 3 , Cr, Zn, Ni, V, and Mn, with strong similarity and significantly correlated with each other, and form a cluster associated with Al and Fe (Fig. 7) [30, 77] . A lower cluster distance specifies a more significant association of metals [61] . Ni and V in the same group is also indicative of combustion for fossil fuel [78] . In addition, the significant contribution of agricultural waste, chemical fertilizer, and domestic waste into the study area enhanced the pollution levels.
Multivariate Analysis
Principal Component Analysis PCA has been extensively used by numerous researchers to reduce variables of the contaminants and evaluate their sources [36, [79] [80] . The PCA using varimax with Kaiser normalization is successfully applied on the entire geochemical data of 15 variables to identify the sources of heavy metals. Three factors from PCA are recalled with greater than one eigenvalues ( Table 5 ). The total variance (geochemical parameters) of factors accounts for 76.136%.
Factor 1 (PC-1) accounting for 37.546% of the total variance, is categorized by high positive loadings of metals, which includes Mn (0.816), Co (0.950), Cu (0.856), and Zn (0.862), representing metals of the pollution group that are significantly associated with each other. However, moderate positive loading of Al (0.587) indicated relatively lower links. The high loading factors indicate natural and anthropogenic sources of pollution [12, 47] . The sources of contamination are mainly untreated domestic sewage, agricultural runoff, and natural minerals from weathering of rocks. Factor 2 (PC-2) accounts for 24.345% of the total variance and is categorized by high positive loadings of Al (0.756) and V (0.871), moderate loading of As (0.666) and Cd (0.656), and highly negative loading for Ni (-0.777) [48] . Similarly, factor 3 (PC-3) accounts for 14.245% of total variance that exhibit high positive loading of Cr (0.753) and TOC (0.996), high negative loading CaCO 3 (-0.763), and moderate loading of Pb (0.570). Using the PCA technique, 15 variables were reduced to three independent factors. As a whole, PCA resolved high and moderate loading factors with positive and negative values showing the anthropogenic and natural sources of pollution [75, 81] . Table 5 . Results of factor analysis of heavy metals, pH, TOC, and CaCO 3 in Namal Lake sediment.
The classification of heavy metals with data of factors is consistent with cluster analysis.
Conclusions
The quantifications of heavy metals sources and their enrichment in lake sediments are extremely important environmental issues. The statistical data of heavy metals shows that Fe, As, Cd, Co, Cr, Cu, Mn, Ni, Pb, V, and Zn are higher than average values of the upper continental crust. The fluctuation in concentrations of heavy metals in the sediments suggests that the metals are influenced by anthropogenic inputs and geochemical processes. The heavy metal contaminations are assessed with EFs, Igeo, Cf, and sediment quality guidelines. The results indicate that enrichment of metals in sediment is dominated by Cd, As, and Ni, and to lesser extent by Cr, Cu, Zn, and V. Although the values of Cf showed the overall same trend as indicated by the EF, Igeo demonstrated the same behavior for As and Cd, but less for other studied metals. The ecological risk indicates that a 3.8% of sampling site NL-21 was within the limit (150-300) of moderate ecological risk, 61.5% of sampling sites were within the limit (300-600) of showing considerable potential ecological risk, and 34.6% of sampling sites (RI>600) showed high ecological risk from heavy metals pollution. The sediment quality guidelines indicated that the majorities of sampling sites are contaminated with heavy metals (As, Cd, Cr, Cu and Ni) and can occasionally be associated with adverse biological effects in Namal. The pollution load index and risk index indicates considerable risk to aquatic environments. Cluster analysis identified As and Cd due to their close relationship, and their occurrence can be related to the agricultural runoff in catchment areas and combustion of fossil fuel. PCA also was revealed as a tool to distinguish sources of heavy metal elements in lake sediment. The data generated in this study may be used in future for investigating and managing by decision-making authorities for the protection of freshwater lake/aquatic environments in Pakistan.
